Nervous system development proceeds by sequential gene expression mediated by cascades of transcription factors in parallel with sequences of patterned network activity driven by receptors and ion channels. These sequences are cell type-and developmental stage-dependent and modulated by paracrine actions of substances released by neurons and glia. How and to what extent these sequences interact to enable neuronal network development is not understood. Recent evidence demonstrates that CNS development requires intermediate stages of differentiation providing functional feedback that influences gene expression. We suggest that embryonic neuronal functions constitute a series of phenotypic checkpoint signatures; neurons failing to express these functions are delayed or developmentally arrested. Such checkpoints are likely to be a general feature of neuronal development and constitute presymptomatic signatures of neurological disorders when they go awry.
Constructing the nervous system: the scale of the problem The complexity of the nervous system makes the developmental assembly of this structure unusually challenging. Neuronal phenotypes are specified and synaptic connections are formed with prodigious specificity. An argument can be made that the brain begins simply and that complexity is built up gradually. However, 80% of 20 000 mouse genes are expressed in the adult nervous system [1]. With 10 11 neurons making 10 15 synapses, this number of genes is insufficient to program the development of the nervous system on a single-gene-to-single-component basis. How is such a complex program regulated during development? Cascades of transcription factors play an important role [2, 3] . However, there is significant potential for disruption of neuronal development by mistakes in transcriptional machinery or perturbations of gene expression. Indeed, there are a vast number of genetically-or environmentally-driven developmental disorders, with adverse societal and financial impact.
Fortunately, developing neurons are not mute during development. They express cell-and developmental stagespecific sequences of voltage-gated and transmitter receptor-linked ion-channel currents that provide read-outs of their state of differentiation Often, owing to the expression of different channel subunits, immature currents are more 'sloppy' than adult ones and their long synaptic durations account for the relatively slow kinetics that enable calcium influx at early developmental stages [4] [5] [6] [7] [8] . Immature networks also follow a specific developmental sequence initially characterized by intrinsic, synapse-independent voltage-gated calcium currents, followed by large calcium plateaus in small neuronal populations connected by gap junctions. Subsequently, primitive spontaneous synapsedriven patterns appear, such as the so-called giant depolarizing potentials (GDPs) in the hippocampus and neocortex that suppress the large calcium plateaus [9] [10] [11] (Figure 1 ) and retinal waves in the visual system [12] [13] [14] [15] [16] [17] . These simple patterns of activity then disappear as the networks become capable of generating more diversified behaviorally relevant patterns. Interestingly, these primitive patterns are essential for the correct construction of cortical ensembles but are generated at a time when sensory systems are not yet working. Thus, retinal waves are generated well before vision is functional and operate to enable adjacent neurons to fire together and make synaptic connections with adjacent targets [12] [13] [14] [15] [16] [17] [18] . Although the timing of these patterns differs between different animal species and brain structures, the sequences appear identical in postnatal rodents and in utero primates, suggesting that they have been preserved throughout evolution. Here we suggest that these developmental sequences constitute a series of checkpoints controlling the appropriate progression of genetic programs.
The general role of phenotypic checkpoints
The construction of a building requires repeated inspection and determination of the extent to which the architectural and engineering programs have been respected, before subsequent stages of construction can be initiated. Similarly, advancement in the educational system and in the workplace depends on evaluations of performance. We suggest that the expression of embryonic neuronal functions at different developmental stages satisfies a similar requirement. With this view in mind, failure to realize a given step in development -such as migration from one position to another -delays or arrests the developmental sequence of ion currents and/or other signaling messengers at the stage at which the failure has occurred. The genetic program is affected because the genes and functional 
